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Automation system for movement control and method for controlling the 
movement of at least one movable machine element 

[0001] The present invention relates to an automation system for 
controlling the movement of at least one movable machine element, the 
automation system being programmable. 

[0002] In order to realize movement controls of at least one machine 
element, for example, in a production machine, such as, a textile machine, 
a packaging machine, a plastics injection-molding machine, a machine tool, 
or in a manipulator, predefined profile types are used, for example, in 
positioning movements. Predefined profile types, which reproduce for 
example: 

• a displacement over a time 

• a speed over time 

• an acceleration over time 

• a shift over time 

• etc. 

are known from conventional automation systems. An example of an 
automation system is the SINUMERIK 840D/840Di or 81 0D. In the 09.01 
edition of the associated programming manual, it is described for example 
on page 5-1 90 how acceleration behavior can be set. The predefined 
nature of the profile types causes restrictions with respect to the available 
forms of profile. 

[0003] If in the case of automation systems, for example, for production 
machines or machine tools, cam disk functions are used, these can be 
described by mathematical interpolation methods. One example of this is 
the German laid-open patent application DE 10065422A1 . The cam disk is 
followed in accordance with a chosen cam disk profile. However, only 
relationships of positions of movable machine elements are recorded in the 
cam disk profiles. The cam disk profile is independent of the profile type 
for the movement control, the movement control having a time basis, such 

Express Mail Label No.: EV287912471US 



1 



NEWYORK 4081412 (2K) 



V 



Attorney Docket No.: 1 140668-0066 



as for example a speed. Profiles for movement controls are also referred 
to as traversing profiles. The object of the present invention is to improve 
movement control. 

[0004] According to the present invention, this object is achieved by an 
automation system for movement control with the aid of profiles, the 
profiles being processed on a time basis or position basis and it being 
possible for their argument variables and/or function variables to be used 
without units. 

[0005] The profiles can be freely determined by interpolations, so that a 
user of the automation system can freely select profiles and does not have 
to resort to standard profiles. A polynomial interpolation or else a spline 
interpolation can be used as the interpolation. The absence of units makes 
it possible for different variables to be linked to one another, one variable 
being the command variable and another variable being the respective 
secondary variable. In this way, movement profiles or traversing profiles 
can be freely determined. 

[0006] The free determinability of the command variable and secondary 
variable also makes it possible for combinations of different variables to be 
stored in one profile. The command variable is, for example: a position, a 
speed, a pressure, a force, a moment, or some other variable. For its part, 
the secondary variable of the profile is then also in turn, for example: a 
position, a speed, a pressure, a force, a moment or some other variable. 

[0007] The solution for achieving the object is also accomplished by an 
automation system for controlling the movement of at least one movable 
machine element in which a profile for movement control can be prescribed 
as a function of a higher degree, the profile having at least one command 
variable and a secondary variable. 

[0008] The command variable represents, for example, a physical variable 
that is different from the secondary variable, at least one of the variables, 
that is the command variable or the secondary variable, being a location- 
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dependent variable. The prescribable function of a higher degree can 
advantageously be freely prescribed. The free prescribability relates for 
example to a free parameterizability of a function of a higher degree, for 
example, for coefficients, or to the free creatability of the function. From 
the automation system or from an engineering system on which such a 
function can also be generated for example, there are in this case, for 
example, specifications with respect to the maximum level of the degree of 
the function. 

[0009] In an advantageous embodiment, it is made possible for a user to 
graphically prescribe a profile or else segments, i.e. portions, of a profile 
and to instigate the generation of the function to be carried out by the 
automation system or by the engineering system. In this case, a free 
parameterization or a free creation of the function is performed by the 
automation system or by the engineering system itself. 

[0010] The function of a higher degree is, for example, a spline 
interpolation or a polynomial interpolation. 

[0011] The polynomial interpolation is, for example, advantageously able to 
be formed up to at least the 6th order. The order in this case indicates the 
degree. A further advantage is obtained from the use of trigonometric 
elements in the function. 

[0012] If the function has a time-dependent variable, this time-dependent 
variable is, for example, time itself or a function of time, such as a speed, 
an acceleration, a shift or the like as well as other nth derivatives based on 
time. Apart from a time-dependent movement, other physical variables, 
such as, for example, a pressure or a temperature, are sometimes also 
dependent on time and consequently form a variable of the movement 
profile to be described. 

[0013] A flexibly optimizable movement control allows highly dynamic and 
exact movements to be realized. The movement control is in this case 
advantageously of any desired type. As already described above, a flexibly 
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optimizable movement control can also be realized in particular by freely 
definable profiles or profile types, in particular on a single axis, for example, 
of the machine tool or of the production machine. 

[0014] In an advantageous refinement, the free profile can be combined 
with a basic movement control on one axis. This relates for example to 
the: positioning, moving, stopping or synchronous running. Free profiles 
can advantageously be combined as desired with predefined profiles or 
with the basic movement control. 

[0015] The automation system can also be formed in such a way that two 
or more profiles can be combined with one another, at least one profile 
being a free profile. 

[0016] A profile can be subdivided into portions, a portion being a segment. 
At least two segments form a common profile, it also being possible for a 
segment itself to be represented as a profile by a function of a higher 
degree. 

[0017] Like a cam disk function, the profile can also be described, for 
example, by portions, in that individual successive profile portions are 
defined by segments and/or points and an interpolation is carried out 
between such profile portions on the basis of a prescribable interpolation 
rule, commands for prescribing and/or inserting points, segments and 
interpolation rules with respect to the running time being provided. If 
segments are prescribed by a combination of a polynomial and a 
trigonometric element, this is also advantageous, because in this way the 
profile can continuously be derived. A combination of a polynomial with a 
polynomial degree of at least six and a sine function as a trigonometric 
element has proven to be particularly favorable here for the definition of 
segments of a profile. Further advantageous refinements of the invention 
use linear connections or cubic splines or Bezier splines as an interpolation 
rule for the connection between successive profile portions. Such splines 
are made up piece by piece from polynomials. 
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[0018] At least two individual unconnected segments of a profile which are 
defined by a polynomial interpolation or by a spline interpolation as a 
polynomial function or as a spline function can be connected by a 
transitional segment, the transitional segment being at least a function of a 
spline interpolation. 

[0019] In an advantageous way, a standard profile predefined by the 
automation system or the engineering system can also be selected as a 
segment. 

[0020] A profile defined in this way for movement control is advantageously 
available in a memory of the automation system. By the definition of 
functions for a profile of a movement control, a saving in computing time is 
also advantageously obtained for an automation system, since profiles are 
created offline and the information with respect to the movement control 
does not have to be computed online in the case where conventional 
traversing profiles are used. 

[0021] A saving in computing time for the automation system is also 
obtained, for example, by the fact that, in the event of cyclical repetition of 
the profile, it is not necessary as before for the movement control to newly 
calculate in each case derivatives of a traversing profile. This also 
increases the cost-effectiveness of the automation system. 

[0022] In an advantageous refinement, it is made possible in the case of 
the automation system to impose a flexible influence on the movement 
control of at least one axis at every point in time by means of a user 
program of an automation system. With the aid of a user program, the 
creatability and/or modifiability of the profiles in the controller, i.e. in the 
automation system, is made possible. 

[0023] Of course, adequately high-grade profile representation in the 
automation system is advantageous. This relates to the basic movement 
control, and also the movement control with the aid of self-created profiles. 
In this case, in particular interpolations of a higher degree, such as, for 
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example, a polynomial function of the 3rd, 4th, 5th, 6th or higher degree, 
are of advantage. Polynomial functions with a trigonometric element have 
additional advantages, for example, with respect to their derivability. 

[0024] The profiles can be applied to various movement status variables of 
the axis, for example, in the case of speed profiles via the axial position. 

[0025] In this way, continuity and/or combinatorial analysis between 
predefined profile types and free profiles is made possible to achieve 
optimum movement sequences. 

[0026] A freely definable profile for a movement control can be used for 
example in the case of: 

• a freely programmable automation or motion control system for 
production machines; 

• a multitask system as an automation system, the individual tasks 
by the multitasking system having different properties (cyclical new 
beginning at program end or restart after a defined time, 
sequential, interrupt-driven). 

[0027] The automation system also has, for example, the following 
properties: 

• a user program or user programs can be freely assigned to a task 
in the automation system; 

• commands for motion control can be freely downloaded from the 
user programs and their status and the status of the movements 
brought about by these commands can be freely monitored; 

• already existing basic movement systems with prescribed profile 
types and management commands for the axis, which provide the 
basis for sequential, superseding and superposing movements; 

• functionality for the creation of high-grade flexible cam disks by 
means of specific tools or directly from the user program. 
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[0028] In an advantageous way, according to the invention, a point from 
the following enumeration is also executed in an automation system: 

• provision of profiles at the axis which can be processed on a time 
basis or a position basis; 

• profiles of which the argument and function variables are without 
units, and so can be applied flexibly to position, speed, pressure or 
moment; 

• profiles freely definable on the basis of polynomials of the sixth 
degree with a trigonometric element; 

• profiles flexibly activatable by means of programs/commands in the 
multitasking system, with superseding, sequential and/or 
superposing functionality; 

• every movement can be transformed in a directly superseding or 
successively sequential manner into a profile movement, or 
one profile movement can in the same way be superseded by 
another; 

• if profile processing is stopped, continued or there is a resumption 
within a profile, adjustable dynamic ramps are used to run up to the 
profile or run down from profile processing. 

[0029] In this way it is made possible to follow free, production-based or 
time-based profiles on the axis of an automation system. The variables of 
a profile, that is to say the profile values, may relate, for example, to 
position, speed, pressure, force, or moments. A profile can be combined, 
so that it can be used: 

• in combination with a flexible activation for superseding a straight 
current movement; 

• in combination with the flexible transformation into another 
movement; 

• in combination with the flexible superposition on other movements. 

[0030] The combinability, i.e. the sequential sequence of segments which 
in themselves represent a profile and, for free profile processing, are 
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defined by a user as a function or as a graphic, with interpolation functions 
existing in the automation system is also advantageously included. 

[0031] The profile for movement control can be formed in an advantageous 
way as a scalable signal, it also being possible to provide a possibility for 
prescribing a displacement of the profile. A profile of good resolution can 
be achieved for example by a polynomial of the 6th degree with 
trigonometric elements. 

[0032] The profile according to the invention for movement control is, for 
example, possible directly from the user program and/or also by means of 
a graphic tool in the engineering system: 

• which allows creation of the profile directly or via its derivative 
variables, 

• which supports creation by means of point specifications or 
subfunction specifications, and completes the profile by means of 
linear or cubic interpolation. 

[0033] Activation or deactivation of such profiles is sometimes also made 
possible directly by voice commands of a freely programmable automation 
system, the profiles originating, for example, from any desired programs of 
a multitasking system. 

[0034] Apart from the automation system, the invention also relates to a 
corresponding method, for which reference is made to the foregoing 
description. In the case of the method for controlling the movement of at 
least one movable machine element of an automated machine tool or an 
automated production machine or an automated manipulator, a profile for 
the movement control is prescribed as a function of a higher degree and at 
least freely parameterized or created, the profile having at least one 
command variable and a secondary variable, wherein a physical variable 
that is different from the secondary variable is determined as the command 
variable and wherein a time-dependent variable or a location-dependent 
variable is determined as at least one of the variables. 
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[0035] Advantageous refinements of the method are provided by the 
claims 11 to 19. 

[0036] Irrespective of whether a device as an automation system or the 
method for movement control is considered, the advantageous refinements 
already presented are obtained, for example in that: 

• the polynomial is also formed by a trigonometric function, 

• different profiles are transformed into one another, 

• the profile is defined without any units, 

• profiles of an axis are processed on a time basis or position basis. 

[0037] An advantageous use of the automation system according to the 
invention or of the method according to the invention for movement control 
is obtained for example in the case of a machine tool or a production 
machine (for example, packaging machines or plastics machines) or in the 
case of a manipulator. 

[0038] The prescribability of a function for a profile makes it possible to 
realize a highly flexible and optimizable movement control on at least one 
axis of an aforementioned machine or automatic unit. 

[0039] Apart from the automation system, the invention also relates to a 
corresponding method and a corresponding engineering system, for which 
reference is also made to the foregoing description. The engineering 
system serves for creating a profile for movement control as a freely 
creatable function of a higher degree, the profile having at least one 
command variable and a secondary variable, the command variable 
representing a physical variable that is different from the secondary 
variable and at least one of the variables being a time-dependent variable 
or a location-dependent variable. 

[0040] It is advantageous for the user if the engineering system converts a 
profile that is graphically defined by the user into a function which is freely 
parameterized or created by the system itself. 
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[0041] Further advantages and details of the invention emerge from the 
following description of an exemplary embodiment and in connection with 
the figures. 

[0042] Figure 1 shows a user-defined profile for movement control 
according to an embodiment of an aspect of the present invention. 

[0043] Figure 2 shows a user-defined profile comprising various segments 
according to an embodiment of an aspect of the present invention. 

[0044] The representation according to Figure 1 shows a profile P for 
movement control. The profile P is represented in a system of coordinates 
K, a command variable L being plotted on an x-axis A and a secondary 
variable F being plotted on the y-axis O. A time or a function dependent on 
time or some other physical variable is used as the command variable L. 
The secondary variable F is, for example, a speed or an nth derivative of 
the speed on the basis of time. The profile P shown is intended for 
example to be a polynomial of the 6th degree with a trigonometric element. 
A freely definable profile P or freely definable profiles which are sequential, 
superseding and/or superposing can be executed in combination with 
movements programmed in any other desired way. The profile is delimited 
in Figure 1 by points PT and is consequently only defined in a range B. 
The definition range can also be extended beyond the points PT. A 
possible continuation of the profile P is represented by a dashed line ST. 

[0045] The free definability for example of traversing profiles as a type of 
movement profile with the aid of interpolations of a higher degree makes it 
possible for an automation system formed in this way to be formed very 
flexibly. 

[0046] The representation according to Figure 2 shows along the lines of 
Figure 1 the subdivision of a profile P into segments S1 , S2, S3, S4. The 
segments S1 , S2, S3, S4 follow on from one another and together form the 
profile P. Each segment S1 , S2, S3, S4 may be based on different 
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interpolation functions (polynomial interpolation, spline interpolation) or on 
a prescribed profile. A segment like the segment S2 may also act as a 
transitional segment SUE for two segments S1 and S3. Transitional 
segments can advantageously be generated in an automated manner. 
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